The introduction of highly active antiretroviral therapy has had an enormous impact on the management of human immunodeficiency virus (HIV) infection and has led to an increase in survival and decrease in HIV-associated dementia. However, minor neurocognitive disturbances across various neurocognitive domains remain common in 50% or more of HIV patients according to recent estimates. Increased longevity has led to the investigation of several moderating and complicating factors, including vascular disease, neurotoxicity, aging, substance abuse, hepatitis C coinfection, and psychiatric illness. This article provides a review of the history of HIV-associated neurocognitive disorders (HAND), revised diagnostic terminology, factors moderating development of HAND, assessment techniques and neurocognitive profiles, current treatment and limitations, and future research directions.
Introduction
Since the Centers for Disease Control and Prevention's (CDC) publication of the first article describing a pattern of opportunistic infection that would later become known as acquired immunodeficiency syndrome (AIDS) in 1981, 1 human immunodeficiency virus (HIV) continues to be a public health threat that affects between 30 and 40 million people worldwide and over 1.1 million people in the United States alone. 2, 3 With the introduction of zidovudine (also known as azidothymidine or AZT) in 1987 came the first antiretroviral (ARV) agent to effectively combat HIV and improve cognition in both adults and children with AIDS. [4] [5] [6] However, it was the transition from monotherapy or dual therapy to highly active antiretroviral therapy (HAART) in 1996 that resulted in suppression of HIV-1 viral load, slowed progression of HIV infection, and contributed to an increased quality of life for HIV-positive persons. [7] [8] [9] This treatment advance transformed the disease from one that was almost certainly fatal in fewer than 6 months to one that permitted patients to live into the 6th and 7th decades of life and beyond. 10, 11 HAART has also dramatically reduced the incidence of severe HIV-associated dementia (HAD) from .50% of patients in the pre-HAART era to recent reports of 2%-8% in two cohorts. 12, 13 Unfortunately, HIV-associated neurocognitive disorders (HAND), especially milder forms, persist with estimates that between 30% and 60% of HIV-positive persons will experience at least mild neurocognitive disturbance. 14, 15 The CNS HIV Antiretroviral Therapy Effects Research (CHARTER) study, a multisite US cohort, recently found that 52% of their total sample had neurocognitive impairment, with milder forms occurring more frequently. 12 Swiss researchers recently found the prevalence of HAND in their cohort to be between 64% and 84%, even among aviremic patients, depending on whether or not a cognitive complaint was present. 13 Despite discrepancies in prevalence estimates, studies confirm that HAND continues to be a concern despite effective ARV treatment and shed light on some emerging potential complicating factors. This article provides a review of HAND, historic and evolving diagnostic criteria and course of illness, moderating variables, diagnostic procedures and biomarkers, treatment and emerging complications in the HAART era, and patterns of neurocognitive deficit.
Diagnosis and classification of HAND
The decline in neurocognitive functioning and frequent motor and behavioral dysfunction accompanying the onset of HIV infection was initially termed AIDS dementia complex (ADC) and was observed in nearly two-thirds of autopsies in one sample. 16 In 1991, the Working Group of the AIDS Task Force of the American Academy of Neurology (AAN) published the first research criteria for HAND to better distinguish subtypes of cognitive dysfunction. 17 HAD was reserved for the most severe cases of cognitive disturbance with cognitive, motor, and/or emotional disturbances. In contrast, HIV-associated minor cognitive motor disorder (MCMD) was applied to less severe cases producing less impact on daily living. 15 The AAN diagnostic criteria required the patient to have the following: 1) exhibit objective impairment in at least two cognitive domains (eg, memory, attention, language, and processing speed), 2) show impairment in performance of activities of daily living (ADL), 3) experience either motor impairment or impaired emotional control or changes in social behavior, 4) have an absence of 'clouding of consciousness', and 5) exclusion of alternate neurological disorders. Objective evidence of cognitive impairments is provided by standardized mental status and cognitive testing. 18 A revision of the criteria and diagnostic nosology emerged from a 2007 working group supported by the US National Institutes of Health, with more emphasis being placed on the documentation of neurocognitive disturbance to distinguish HAND subtypes. 15 These revisions produced criteria for diagnosis of three subtypes of cognitive impairment: HAD, HIV-associated mild neurocognitive disorder (supplanting the previous MCMD), and the addition of asymptomatic neurocognitive impairment.
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HAND in the pre-and post-HAART eras
Progression to dementia is more common in the later stages of HIV infection. 20 Although neurocognitive disturbances may be present, dementia in the asymptomatic phase of infection is uncommon. Sacktor and colleagues 21 compared data from two large cohort studies: the Dana Cohort, 22 including persons primarily on mono or dual ARV therapy, and the Northeastern AIDS Dementia (NEAD) Cohort 23 with persons primarily on HAART regimens (ie, two or more ARV drugs plus a protease inhibitor [PI] ). Results suggest a greater percentage of persons with HIV-minor cognitive/motor disorder among the Dana when compared with the NEAD Cohort (47.7% vs 37.4%, P = 0.10), but roughly equivalent percentages of persons with HIV dementia (27.3% vs 32.1%, P = 0.17). The authors caution that this finding should not indicate a failure of HAART to improve cognitive outcome, rather they believe it was a function of the members of both cohorts being recruited because they were at high risk for HIV dementia. 21 More recently, Vivithanaporn and colleagues 24 examined data on neurological disorders over a 10-year period post-HAART therapy initiation. They found that HAND was the second most common neurological disorder behind distal sensory polyneuropathy and confirmed that AIDS-diagnosed individuals had a much higher incidence of all neurologic disorders than did HIV-positive people without AIDS (41% vs 19.9%, P , 0.0001). Viral load and cell count were associated with an increased risk of mortality. 24 Other data, such as those from the Multicenter AIDS Cohort Study (MACS), have estimated that HAART may have reduced the incidence of HIV dementia anywhere from 15% to 50% 25 and have likely changed the manifestations of HAND to a milder severity with mixed subcortical and cortical features, higher CD4 cell counts, and variable patterns of progression.
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Clinical manifestations and course of HAD
Development of the ADC, as it was originally conceptualized, was believed to be stereotypic, subcortical in nature, and progressive over several months, sometimes arising as the presenting problem and sole manifestation of otherwise asymptomatic HIV. 27 In the post-HAART era, the course of dementia progression has become more heterogeneous and appears to be related to factors such as retroviral therapy adherence, aging, substance abuse, and other psychosocial factors. Nath and colleagues 20 have proposed distinctive subtypes of HIV dementia: 1) a 'subacute progressive' dementia, often in untreated individuals and resembling dementia observed pre-HAART; 2) a 'chronic active' dementia, often seen in persons at risk for neurological dysfunction who may be treated with HAART but have viral resistance; 3) a 'chronic inactive' dementia, referring to neurologically stable symptoms due to HAART; and 4) a 'reversible' dementia which remits with good HAART adherence, resulting in effective virological suppression. 20, 26 These concepts appear to be supported by autopsy data that confirmed neuropathological abnormalities, including multinucleated giant cells, considered to be the histopathological hallmark of HIV-1 infection in the brain, in 79%-94% of patients with AIDS. 28 Survival of patients with HAD has improved considerably since the advent of HAART, with median survival of nearly 2 years, even in patients with low CD4 cell counts. 10 Without treatment, HIV dementia is rapidly progressive with mean survival rates that are less than half that of nondemented, untreated AIDS cases, at about 6 months.
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Neurocognitive disturbances in HAND
Formal, standardized neuropsychological evaluation provides the objective neurocognitive data essential for diagnostic staging, particularly in nondementia HAND. 18 Hundreds of measures exist to evaluate specific cognitive functions, 30 and several batteries have been established specifically to evaluate neurocognitive functions in HIV. The MACS group has developed an evaluation procedure consisting of self-report, neuropsychological screening, and physiologic measures. 31 The neurology section of the AIDS Clinical Trials Group has developed comprehensive and screening procedures, such as the NPZ8 and NPZ4, 32 and the National Institute of Mental Health workshop on assessment of AIDS patients has proposed an assessment procedure based on the expanded Halstead-Reitan Neuropsychological Battery. [33] [34] [35] For more severe cases of HIV dementia, briefer instruments such as the HIV Dementia Scale, 18, 36 which has been shown to be sensitive and predictive of HAND and superior to the mini-mental state examination, 37 may be useful. Various neurocognitive domains are typically affected by HIV infection, ranging from higher-order cognitive processing to motor impairment. Recent studies 38, 39 support the existence of several distinct clusters of neurocognitive disturbance among HIV-infected patients.
Memory
A common cognitive deficit in HAND in general and HAD in particular is impaired memory, especially episodic learning and retrieval of new information. 15 HIV-seropositive individuals score worse than demographically similar uninfected persons on learning of both verbal and nonverbal material. The pattern of episodic memory impairment most closely fits an encoding and retrieval pattern, which has often led to it being referred to as 'subcortical' in nature. 40 Prospective memory, which is dependent on frontal systems and involves the formation, maintenance, retrieval, and execution of a future intention, has also been shown to be impaired in HIV-positive individuals. [41] [42] [43] Attention, processing speed, and working memory
In HIV-infected individuals, impairment of attention, processing speed, and working memory is related to HIV disease severity and difficulty of the task at hand. 43 Simple attention tends to remain relatively preserved early in the disease process, while tasks involving more complex skills, such as information manipulation, especially under time constraints, are sensitive to HIV effects. 44 Evidence for HIV effects on working memory remains somewhat unclear, however, with some studies finding evidence of disturbance in short-term memory and immediate manipulation of information 45, 46 and others f inding no dysfunction despite changing disease severity. 14 
executive functioning
Executive functions, including organizing, planning, and problem-solving, are important for the initiation and carrying out of independent behavior. Meta-analytic and cluster analysis studies have confirmed that HIV infection is associated with executive dysfunction and is likely a component of all HAND profiles. 39, 44 Formal neuropsychological measures have documented deficits in HIV-positive individuals on tasks of reaction time and response inhibition, 47 ,48 novel problem-solving, 14 abstract reasoning, 49 and set-shifting. 44 Similar to measures of attention, level of dysfunction is in part dependent on the difficulty of the task at hand. 51, 52 and others failing to find an effect of HIV on fluency. 53, 54 In a 2007 review, Iudicello and colleagues reported a small but consistent fluency deficit across studies. 55 Woods and colleagues found that HIV-positive individuals performed poorly on action fluency, (verbal fluency for verbs rather than for letters or nouns) and that this type of fluency may prove to be more sensitive to HAND, and is associated with impairments in the performance of ADL. 56 
Visuospatial skills
Although initial large-scale investigations detected no significant visuospatial impairment using limited assessment of spatial cognition 14 and appeared consistent with the relative sparing of the occipital and parietal cortices in AIDS, more recent meta-analyses have shown mixed results. 43, 44, 57 Multiple subsequent investigations support the likely existence of subtle visuospatial deficits in HIV infection, while the underlying etiology remains unclear, necessitating continued investigation of visuospatial skills in this population. 43 
Motor skills
Deficits in motor functioning, including psychomotor processing and motor speed slowing, have been characteristic of HIV infection throughout its course, with more severe motor disorders, such as dystonia, occurring less frequently. 58 Psychomotor/motor slowing remains a common neurocognitive complaint among HIV patients, and the classification of minor cognitive/motor disorder or minor neurocognitive disorder (including motor) remain among the most frequently observed in cohort-based studies. 13, 21 Sacktor and colleagues have demonstrated an improvement in fine motor speed bilaterally among patients after initiation of HAART when compared to matched controls, suggesting promising effectiveness of HAART on a commonly reported neurocognitive disturbance. 59 As these findings suggest, neurocognitive deficits may be present in any functional cognitive domain and may be related to a number of factors, such as disease progression, effectiveness of ARV regimen, and co-occurring disorders.
Moderating factors affecting development of HAND
Because HAART has greatly extended the survival rates of persons with HIV dementia and because of the heterogeneity of cognitive dysfunction with HAART, a number of comorbid and risk factors have been examined as potential contributors to neurocognitive dysfunction with HIV disease.
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Aging According to the CDC, 61 more than 15% of AIDS patients are now above the age of 50 years, a rate that has tripled over the past several years. The age range of 45-49 years representing 21% of infected individuals accounted for the largest age group. With increased longevity comes the risk of traditional age-related medical complications, such as vascular diseases, metabolic disturbances, and neurodegenerative diseases, superimposed on chronic HIV infection. 20 Prior to HAART, data from the MACS Cohort revealed no effect of age on neuropsychological testing profiles when corrected for serostatus. 62 However, a more recent study compared demographically and infection-status matched younger and older individuals on measures of neuropsychological functioning and found discrepant results. 63 The older group of HIV-infected individuals had higher rates of impairment across most ability domains. Viral burden and age were significant predictors of neuropsychological impairment, and together were predictors with a significant interaction between viral burden and age. This suggests that despite more effective ARV treatment, aging continues to be a significant contributor to the onset of neurocognitive impairment, similar to what is seen for other neurodegenerative etiologies. In addition, among the older individuals, those with detectable virus in the cerebrospinal fluid (CSF) had twice the prevalence of neuropsychological impairment of those with undetectable levels. Interestingly, lifetime incidence of major depression, substance abuse, and current depression were not associated with neuropsychological impairment. 63 Similar increased rates of cognitive dysfunction associated with aging were found in the Hawaii Aging with HIV Cohort. 64 Comparing normal elderly males to males diagnosed with ADC and males diagnosed with Alzheimer's disease (AD), Van Gorp and colleagues concluded that despite 30+ years difference, there was a strong similarity between the normal elderly and individuals with ADC in neuropsychological performance. 65 Patients with AD did remarkably worse than patients with ADC on nearly all measures, suggesting a more subcortical pathogenesis among HIV infection and AIDS. 
Vascular diseases
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Dementia in HIV/AIDS impairment and as consequences of HAART and HIV infection itself. Cerebrovascular risk among HIV-positive cases has been associated with slower processing speed and poorer verbal fluency. 66 HIV-positive persons who were untreated for cerebrovascular risk factors demonstrated reduced processing speed, learning and memory, and executive functioning. 66 Prior cardiovascular disease has been associated with neurocognitive impairment in controlled studies of HIV-positive individuals. 67 Cardiovascular disease, hypercholesterolemia, and hypertension were found to be associated with poorer neurocognitive performance, whereas interestingly, traditional HAND risk factors and penetration effectiveness rank of the ARV drugs were not. 67 This suggests that the use of PIs, an essential component of modern HAART that has been associated with vascular risk (such as increased risk for hypertension 68 and a 26% rise in myocardial infarction 69 ), may predict neurocognitive changes in the long term.
Hepatitis C virus
The rate of coinfection of HIV and hepatitis C virus (HCV) has been reported as ranging from 15% to more than 30% in the United States. 61, 70, 71 An estimated 50%-90% of injection drug users are dually infected with HIV-HCV. HCV infection is more serious in HIV-infected persons as liver damage progresses much more quickly, potentially affecting cognition through a metabolic impact on the brain. 70 Coinfection also may hinder HIV treatment due to liver disease or hepatotoxicity, making prevention and early diagnosis much more important. 72 However, neurocognitive studies of the effects of coinfection have been challenging because of the frequency of ongoing comorbid substance abuse. 11 Some studies have demonstrated that coinfected individuals perform poorer compared to persons infected with either virus alone on measures of processing speed, psychomotor speed, and learning efficiency, 73 while others have failed to find significant differences. 74 Information on underlying mechanisms remains unclear, as is the evolutionary pattern of the coinfected person's cognitive impairment. Of note, individuals with coinfection often report higher levels of depression and have more severe substance abuse histories, 73 the latter of which result in neurotoxic effects, depending on substance.
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Substance dependence
The World Health Organization has estimated that in areas outside of sub-Saharan Africa, intravenous drug use is responsible for approximately one-third of new HIV infections worldwide and up to 57% of new cases in Central Asia and Eastern Europe. 3 Besides accounting for newly infected cases, continued substance abuse has a deleterious effect on overall neurocognition. HIV-infected drug abusers have been shown to have more severe encephalitis at autopsy 78 and have been shown to have an accelerated onset of dementia. 76 Other than simple additive effects, synergistic effects have been suggested as effects on immune system functioning, cytokine regulation, damage to cerebrovasculature, and neuronal damage and neurotoxicity via commonly affected neurotransmitter systems, such as glutamatergic and dopaminergic pathways. 75 HIV is believed to damage neurons and therefore brain functioning via all of these mechanisms, which vary depending on the substance of abuse. 11, 75 Studies suggest that the dopaminergic system is vulnerable to effects of HIV infection and that intravenous drug abusers with HIV infection had more severe neuronal loss and shrunken neuronal cells in the substantia nigra compared to people who died of AIDS without a history of drug abuse. 77, 79 This suggests that use of drugs such as cocaine, amphetamines, and opiates, all of which have dopaminergic activation properties, may accelerate the loss of an already compromised dopamine system in patients with HIV and may accelerate the onset of HAND. 75 
Psychiatric conditions
Personality and psychiatric conditions, especially anxiety and depression, may be related to progression of HIV disease to HIV dementia and survival. A history of at least one psychiatric disorder was noted in one study among 88.2% of HIV-positive but asymptomatic or mildly symptomatic homosexual men, 80 with rates of generalized anxiety disorder at 39.3% and rates of major depressive disorder at 30.3%. Depression is common in patients with HIV infection and may be the initial presentation of what later evolves to HIV dementia. 81 It is common for depression to go unrecognized and untreated in HIV-positive persons, possibly because of difficulty in differentiating it from similar symptoms of fatigue, pain, anorexia, and insomnia. 81, 82 The relationship between HIV dementia and depression is complicated because both affect neurotransmitter functioning (eg, serotonin and dopamine), and individuals with both cognitive dysfunction and depression may not respond well to antidepressant therapy as a result. 83 
Intelligence and education
Overall intellectual functioning has been shown to be a significant predictor of HIV disease progression and survival. This finding remained constant even when controlling 84 This is likely related to the fact that in well-developed countries with ready access to medical care, socioeconomic status (SES), through its direct relationship with intelligence, plays a significant role in access to medical care. 85 Cultural and familial SES factors also play a role. For example, years of research have documented that minorities are less likely to seek out medical treatment and more likely to receive lower quality health care. 86 Studies also suggest a strong relationship between parental behaviors related to medical care and subsequent utilization of health care by their children. 87 It is well documented that better-educated people perform better on many neuropsychological tests, which is relevant when considering these tests provide the objective cognitive data for diagnosis and staging of HAND. 15 It has been observed that those persons with higher intelligence scores and therefore better performance on various measures of cognition maintain mental faculties longer than their counterparts, a phenomenon known as cognitive reserve. 88, 89 This would suggest that demographic and sociocultural factors contribute a disadvantage in the access and possible adherence to treatment for HIV. In turn, these characteristics may lead to differential progression of HIV disease, decreased survival, and an increase in complications, such as HAND.
Biomarkers, structural correlates, and magnetic resonance
Similar to trends with other neurological illnesses, there is growing interest in identifying biomarkers that are sensitive and specific to HAND in order to provide more accurate diagnosis and clinical staging. 90 Biomarkers measuring blood or CSF have been examined as markers of effector cells, modulators of pathogenesis, toxins, and target cells. 90 Although there are many promising biomarkers under investigation, three are available in clinical practice that appear to be related to the presence or potential evolution to HAND. CD4 cell count, a standard measurement to monitor disease progression and ARV effectiveness, is strongly related to HAND diagnosis as counts above 200 cells/µL are rarely associated with dementia. 10, 90, 91 Much less reliable than the CD4 count is the HIV RNA concentration in the CSF, which is limited due to its detectability in various stages of cognitive impairment 32 as well as normal levels even in the presence of dementia. 57 Finally, CSF protein levels may be helpful as studies have shown elevated levels of albumin, immunoglobulin G, and total protein in individuals with a diagnosis of HIV dementia. 90 Magnetic resonance imaging (MRI) and magnetic resonance spectroscopy (MRS) have proven to be useful tools in identifying neuroinflammation, atrophy, and lesion locations among persons with HIV. 92 MRI in advanced HAD typically shows generalized white matter volume reduction as well as gray matter volume reduction in the basal ganglia and posterior cortex. [93] [94] [95] In earlier stages of infection, prior to the development of dementia, structural abnormalities have been reported in the splenium of the corpus callosum and in the crura of the fornices. 96 An investigation of MRI and MRS correlates of HIV-associated blood-brain barrier (BBB) compromise revealed that the severity of neurocognitive impairment was associated with the degree of BBB breakdown in the basal ganglia. This showed that individuals with high plasma viral load were more severely impaired, BBB compromise correlated with a marker of neuroinflammation in the basal ganglia, and the severity of BBB compromise and neurocognitive impairment was significantly lower in persons on HAART than in those who were HAART-naive. 97 An investigation using MRS found signif icantly increased levels of inflammation and oxidative stress among HIV-positive patients despite HAART. 98 A more recent study used factor analytic technique to classify and evaluate regional variations in magnetic resonance spectroscopic imaging, resulting in three factors which were effective in differentiating participants with and without dementia. 99 The 'Cho factor' (choline-based compounds [Cho]) was effective in differentiating normal controls from seropositive participants with signal in the frontal white matter, parietal white matter, centrum semiovale, thalamus, and basal ganglia. The 'NAA factor' (N-acetylaspartate [NAA]) distinguished between demented and nondemented HIV-positive participants with involvement in the frontal and parietal white matter, centrum semiovale, and parietal gray matter. The 'Cr factor' (creatine and phosphocreatine-containing compounds [Cr]) was influenced by levels from parietal and frontal white matter and centrum semiovale and discriminated seropositive participants from controls, although not significantly. 99 Similar to other recent findings, 12, 13, 24 these studies confirm possible sources of continued neurocognitive dysfunction despite effective viral control with HAART and may be useful in future studies of comorbid conditions in HIV disease. 
Treatment
The currently accepted treatment strategy for HIV infection is the use of ARV therapy to block activity of the viral reverse transcriptase, protease, and integrase enzymes that permit replication of the viral DNA. 100, 101 Original therapies included monotherapy or dual therapy ARV agents, beginning with the introduction of azidothymidine in 1987. 6 Because HIV replicates quickly and replication is prone to errors permitting the virus to become quickly resistant to single agents or entire drug classes, the use of multiple drugs in different classes is the most effective strategy to suppress spread of the virus. The current standard is known as HAART, defined as use of three or more drugs, typically two nucleoside reverse transcriptase inhibitors (NRTIs) and a PI or two NRTIs and a non-NRTI. 100, 101 There is considerable heterogeneity among ARV agents in regard to effectiveness of central nervous system (CNS) penetration, which has raised concerns about effectiveness of drug choice and dosing as well as neurotoxicity of some agents. Letendre and colleagues with the CHARTER group devised a CNS penetration effectiveness (CPE) ranking system to classify ARV agents. Lower CPE ranks correlated with higher CSF viral loads, even after adjusting for total number of ARV drugs, ARV adherence, plasma viral load, duration and type of current regimen, and CD4 count. 102 Greater viral suppression due to CNS penetration may influence survival 103 and has corresponded to greater neurocognitive improvement. 104 However, animal models of ARV exposure have implicated nearly all current medication regimens as potentially toxic to cortical neurons. 105 Another 48-week randomly assigned human trial found that medication regimens containing efavirenz may lead to better normalization of the infected nervous system, but still lead to worsening neurocognitive performance. 106 As with other causes of dementia, treatment of cognitive and emotional sequelae is symptomatic and focused on prolonging normal cognitive functioning and sustaining one's quality of life. Memory impairment may be responsive to acetylcholinesterase inhibitors, such as those used in the treatment of AD. Use of N-methyl-d-aspartate receptor antagonist agents, such as memantine, may serve two purposes. First, they may serve to enhance memory and cognitive functioning, and also to protect against excitotoxic injury by affecting the cytokine signaling within the CNS. 107 In one study, use of memantine for treatment of HIV-associated cognitive impairment found no significant improvements in neuropsychological performance over the 16-week clinical trial.
However, there was an increase in N-acetylaspartate to creatine ratio in the frontal white matter and parietal cortex that suggests a potential therapeutic benefit. Memantine has also been shown to ameliorate neuronal metabolism on MR spectroscopy studies. 108 These findings would suggest that initiating treatment for cognitive impairment early in the process may slow decline as it does in other neurodegenerative diseases.
For the treatment of emotional and psychiatric disturbances, traditional psychotherapy or the use of antidepressant medications or combination pharmacotherapy may be useful. 2 Despite promise for effective management of cognitive and psychiatric complications associated with HIV, there have been few placebo-controlled clinical trials to determine more effective strategies in the presence of HAND.
Conclusion
HAART has clearly improved the outlook for the HIV-infected individual by decreasing the incidence of HIV dementia and increasing the survival rate. Unfortunately, despite effectiveness of treatment on viral burden and cell counts, neurological conditions persist, with recent studies suggesting 50% or more of persons will experience some form of neurocognitive dysfunction. These impairments are variable and may represent several distinct patterns of neurocognitive dysfunction. With better management of viral burden, research efforts have been directed at understanding and addressing other complicating factors, such as substance abuse, psychiatric illness, coinfection, and aging. As the survival rate improves and HIV-positive persons live longer, other factors have emerged, including metabolic, neurotoxic, and cardiovascular complications that may hasten or promote the onset of HAD in a manner similar to other neurodegenerative conditions. Improved diagnostic criteria, neuropsychological testing, and new technology, such as biomarker, MRI, and MRS analysis, have advanced our ability to identify and treat HAND. Further research efforts may be directed at delineating the various neurocognitive profiles, identifying and confirming novel treatment options with placebo-controlled clinical trials, and further exploring potential neurotoxic effects of ARV therapy, in combination with public health initiatives aimed at preventing the spread of the disease. 
